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(57) ABSTRACT 

Disclosed are a complementary metal oxide semiconductor 
(CMOS) image sensor and a method of forming the same. 
The CMOS image sensor comprises a semiconductor sub 
strate having a photodiode region and a transistor region. An 
optical path is formed betWeen a micro lens on the photo 
diode region and a photodiode formed on the semiconductor 
substrate. The optical path comprises an inner lens formed 
betWeen an intermetal insulation layer on the photodiode 
region and a transparent optical region formed on the inner 
lens. The transparent optical region generally has a different 
refractive index from the inner lens. 

19 Claims, 8 Drawing Sheets 
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CMOS IMAGE SENSOR AND METHOD OF 
MANUFACTURING SAME 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates generally to a complemen 
tary metal oxide semiconductor (CMOS) sensor and a 
method for manufacturing the same. More particularly, the 
invention relates to a CMOS sensor having an inner lens 
located in a planariZed insulation layer thereof and a method 
of manufacturing the same. 

A claim of priority is made to Korean Patent Application 
No. 10-2004-0072819 ?led on Sep. 11, 2004, the disclosure 
of Which is hereby incorporated by reference in its entirety. 

2. Description of the Related Art 

Complementary metal oxide semiconductor (CMOS) 
image sensors are commonly used in various digital imaging 
applications such as digital cameras and the like. A typical 
CMOS image sensor includes a light sensing block receiving 
incident light and a logic block converting the incident light 
into electrical signals. 

CMOS image sensors provide various advantages over 
competing digital imaging technologies. For example, 
CMOS image sensors are relatively poWer ef?cient and they 
are readily integrated With other devices on a single chip. 

In recent years, CMOS image sensor technology has 
improved in a number of Ways. For example, the optical 
sensitivity of CMOS image sensors has been improved by 
increasing a ?ll factor thereof. Fill factor is a ratio repre 
senting the relative amount of a CMOS image sensor 
occupied by the light sensing block. The ?ll factor is 
generally limited by the amount of space on the sensor 
occupied by the logic block. Hence, the ?ll factor can be 
increased by reducing the siZe of the logic block. 

Although the typical siZe of the logic block in CMOS 
image sensors has decreased over the years, the correspond 
ing increase in optical sensitivity has been someWhat limited 
by a corresponding increase in the resolution of the CMOS 
image sensors. In other Words, although the logic blocks 
have become smaller, modern devices noW incorporate more 
of the logic blocks. As a result, additional measures are 
needed to improve the optical sensitivity of the CMOS 
image sensors. 

One Way to improve the optical sensitivity of a CMOS 
image sensor includes placing a micro lens on the light 
sensing block to concentrate incident light thereon. One 
problem With the micro lens, hoWever, is that its effective 
ness is limited by properties of an optical path betWeen the 
micro lens and the light sensing block. 

Various devices and methods have been introduced to 
improve the concentration of incident light on the light 
sensing block through the micro lens. Many of these tech 
niques have focused on modifying the optical path betWeen 
the micro lens and a photodiode in the image sensing block. 
For example, a dual lens structure is disclosed in US. Pat. 
No. 5,796,154 and a semiconductor array imaging device is 
disclosed in US. Pat. No. 6,171,885. Unfortunately, the 
above mentioned conventional devices require complicated 
and expensive fabrication processes. 

In order to overcome at least these problems, neW CMOS 
image sensors providing improved optical sensitivity and 
associated methods of manufacture are needed. 
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2 
SUMMARY OF THE INVENTION 

According to some embodiments of the invention, a 
CMOS image sensor is provided. According to other 
embodiments of the invention, a method of manufacturing a 
CMOS image sensor is provided. The CMOS image sensor 
provides increased optical sensitivity by concentrating inci 
dent light on a photodiode through an optical path including 
an inner lens betWeen a micro lens and the photodiode. 

According to one embodiment of the invention, CMOS 
image sensor comprises a substrate having a photodiode 
region and a transistor region, a photodiode formed on the 
photodiode region of the substrate, a plurality of transistors 
formed on the transistor region of the substrate, a planariZed 
insulation layer covering the photodiode and the plurality of 
transistors, an intermetal insulation layer formed on the 
planariZed insulation layer, and a metal Wire layer formed on 
the transistor region, the metal Wire layer penetrating the 
intermetal insulation layer. The CMOS image sensor further 
comprises an inner lens formed on the planariZed insulation 
layer, the inner lens being formed opposite the photodiode as 
part of the intermetal insulation layer, and a transparent 
optical region covering the inner lens and penetrating the 
intermetal insulation layer on the photodiode region. The 
transparent optical region is preferably formed of a different 
material from the intermetal insulation layer. 

According to another embodiment of the invention, a 
method of manufacturing a CMOS image sensor comprises 
forming a substrate having a photodiode region and a 
transistor region, forming a photodiode on the photodiode 
region, forming a transistor on the transistor region, forming 
a planariZed insulation layer covering the photodiode and 
the transistor, forming an intermetal insulation layer cover 
ing the planariZed insulation layer, and forming a metal Wire 
layer on the transistor region, the metal Wire layer penetrat 
ing the intermetal insulation layer. The method further 
comprises forming a cavity penetrating the intermetal insu 
lation layer by removing a portion of the intermetal insula 
tion layer on the photodiode region, forming an inner lens as 
a part of the intermetal insulation layer in the photodiode 
region, and forming a transparent optical region on the inner 
lens by ?lling the cavity. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention is described beloW in relation to several 
embodiments illustrated in the accompanying draWings. 
Throughout the draWings like reference numbers indicate 
like exemplary elements, components, or steps. In the draW 
ings: 

FIG. 1 is a diagram illustrating a pixel sensor of a CMOS 
image sensor in accordance With an embodiment of the 
present invention; 

FIG. 2 is a cross-sectional vieW of the pixel sensor shoWn 
in FIG. 1 in accordance With one embodiment of the 

invention; 
FIG. 3 is a cross-sectional vieW of the pixel sensor shoWn 

in FIG. 1 in accordance With another embodiment of the 
invention; 

FIG. 4 is a cross-sectional vieW of the pixel sensor shoWn 
in FIG. 1 in accordance With still another embodiment of the 
invention; 

FIG. 5 is a cross-sectional vieW of the pixel sensor shoWn 
in FIG. 1 in accordance With still another embodiment of the 
invention; 

FIGS. 6A through 6D are diagrams illustrating a method 
of manufacturing a CMOS image sensor in accordance With 
an embodiment of the present invention; 
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FIGS. 7A and 7B are diagrams illustrating a method of 
manufacturing a CMOS image sensor in accordance With 
another embodiment of the present invention; 

FIGS. 8A and 8B are diagrams illustrating a method of 
manufacturing a CMOS image sensor in accordance With 
still another embodiment of the present invention; and, 

FIGS. 9A and 9B are diagrams of a method for manu 
facturing a CMOS image sensor in accordance With still 
another embodiment of the present invention. 

DESCRIPTION OF THE EXEMPLARY 
EMBODIMENTS 

Exemplary embodiments of the invention are described 
beloW With reference to the corresponding draWings. These 
embodiments are presented as teaching examples. The 
actual scope of the invention is de?ned by the claims that 
folloW. 

FIG. 1 is a diagram illustrating a pixel sensor of a CMOS 
image sensor in accordance With an embodiment of the 
present invention. The CMOS image sensor typically com 
prises an array of pixel sensors formed on a pixel array 
region of a semiconductor substrate. 

Referring to FIG. 1, a pixel sensor 10 comprises a 
photodiode region 20 and a transistor region 30. Pixel sensor 
10 receives light through a photodiode PD formed in pho 
todiode region 20. The light received by photodiode PD is 
converted into electrical signals and transferred to transistors 
in transistor region 30. 

Transistor region 30 includes a transfer transistor Tx 
transferring electric charges generated by photodiode PD to 
a ?oating di?usion region FD, a reset transistor Rx periodi 
cally resetting electric charges stored in ?oating diffusion 
region FD, a drive transistor Dx functioning as a source 
folloWer bulfer ampli?er for bu?‘ering a signal correspond 
ing to electric charges in the ?oating diffusion region, and a 
select transistor Sx as a sWitch used to select pixel sensor 10. 

In the embodiment shoWn in FIG. 1, pixel sensor 10 
comprises one photodiode and four metal oxide semicon 
ductor (MOS) transistors Tx, Rx, Dx, and Sx. HoWever, the 
present invention is not limited to this structure. For 
example, in a di?‘erent embodiment, the pixel sensor com 
prises a transfer transistor and a source folloWer bulfer 
ampli?er in the transistor region, and a photodiode in the 
photodiode region. 

FIG. 2 is a cross-sectional vieW of pixel sensor 10 shoWn 
in FIG. 1. The vieW shoWn in FIG. 2 is taken along a line 
betWeen points II and II' in FIG. 1. 

Referring to FIG. 2, the pixel sensor comprises a semi 
conductor substrate 100 having a photodiode region and a 
transistor region. Semiconductor substrate 100 includes an 
active region de?ned by an isolation region 102. 

The photodiode region includes an n-type photodiode 104 
and a p+ type hole accumulated device (HAD) region 106 
formed on photodiode 104. The transistor region includes a 
plurality of transistors 110 formed on semiconductor sub 
strate 100. For simplicity of illustration, hoWever, FIG. 2 
shoWs only one transistor 110. Transistor 110 shoWn in FIG. 
2 is a transfer transistor Tx transferring charge generated at 
photodiode 104 to a n+ type ?oating di?‘usion region 108. 

Photodiode 104 and transistor 110 are covered by a 
planariZed insulation layer 120. PlanariZed insulation layer 
120 comprises an insulation layer 112 formed of a material 
identical to that forming an insulation spacer 11211 at a 
sideWall of a gate of transistor 110. 

In selected embodiments of the invention, planariZed 
insulation layer 120 further comprises an insulation ?lm 
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4 
having a salicide blocking layer (not shoWn) in the photo 
diode region. The insulation ?lm may comprise, for 
example, a stacked structure including a medium tempera 
ture oxide (MTO) ?lm and silicon nitride ?lm. The salicide 
blocking layer is used as a mask to cover the photodiode 
during a salicide process used to form a metal salicide layer 
on gate, source and drain regions of transistors formed in the 
transistor region. 

PlanariZed insulation layer 120 further comprises a cap 
ping layer (not shoWn) formed on transistor 110. The cap 
ping layer typically comprises a stacked structure including 
an undoped silicate glass (USG) ?lm and a SiON ?lm. 
PlanariZed insulation layer 120 still further comprises a 
plasma-enhanced tetraethylorthosilicated glass (PE-TEOS) 
?lm used as a top layer for planariZing the upper surface of 
planariZed insulation layer 120. 
An intermetal insulation layer 130 is formed on pla 

nariZed insulation layer 120 over the photodiode region and 
the transistor region. Intermetal insulation layer 130 
includes three sequentially stacked insulation ?lms 132, 
134, 136. 
A Wire layer 140 including a plurality of metal Wire layers 

142, 144, 146 and 148 is formed inside intermetal insulation 
layer 130. Metal Wire layer 142 is formed on planariZed 
insulation layer 120 by penetrating insulation ?lm 132, 
metal Wire layer 144 is formed on insulation ?lm 132 by 
penetrating insulation ?lm 134, metal Wire layer 146 is 
formed on insulation ?lm 134 by penetrating insulation ?lm 
136, and metal Wire layer 148 is formed on insulation ?lm 
136. 
Although Wire layer 140 has four (4) layers in the embodi 

ment shoWn in FIG. 2, the number of layers in Wire layer 140 
and the number of corresponding layers in intermetal insu 
lation layer 130 can vary. 

Insulation ?lms 132, 134, and 136 each typically com 
prise a ?lm containing oxide, nitride, or oxide and nitride. 
Wire layer 148 is covered by a passivation layer 150, Which 
also typically comprises a ?lm containing oxide, nitride, or 
oxide and nitride. 
An inner lens 160 is formed in the photodiode region 

opposite photodiode 104. Preferably, inner lens 160 is a 
convex lens and is formed on the same plane as metal Wire 
layer 142. Inner lens 160 is formed among the plurality of 
insulation ?lms 132, 134 and 136 as part of intermetal 
insulation layer 130. Inner lens 160 preferably comprises an 
oxide layer. 
A transparent optical region 170 covering inner lens 160 

is formed by penetrating intermetal insulation layer 130 
above inner lens 160. Transparent optical region 170 is 
formed of a di?‘erent material from intermetal insulation 
layer 130. Preferably, transparent optical region 170 is 
formed of a material having a di?‘erent refractive index from 
inner lens 160. 

Transparent optical region 170 is typically formed of an 
organic polymer compound. For example, it may be formed 
of CytopTM (Ashahi Glass Company) and a polymethyl 
methacrylate (PMMA) polymer. CytopTM is a ?uoro poly 
mer having a ring shape. Preferably, a material having a 
loWer refractive index than inner lens 160, such as CytopTM 
polymer, is used to form transparent optical region 170. 
A planariZed layer 172 is formed on transparent optical 

region 170 and metal Wire layer 140. A color ?lter 180 is 
formed on planariZed layer 172. PlanariZed layer 172 is 
formed of the same material as transparent optical region 
170. 
A micro lens 190 is formed on color ?lter 180 facing 

photodiode 104. Micro lens 190 may be formed of a TMR 
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type resin (Tokyo Ohka Kogyo, Co.) or a MFR type resin 
(Japan Synthetic Rubber Corporation). 

In accordance With the embodiment of the invention 
shoWn in FIG. 2, a transparent optical path is provided in the 
pixel sensor by forming convex inner lens 160 as a part of 
intermetal insulation layer 130 and forming transparent 
optical region 170 on inner lens 160 of a different material 
from intermetal insulation layer 130. In particular, transpar 
ent optical region 170 is formed of a material having a loWer 
refractive index than inner lens 160. The pixel sensor shoWn 
in FIG. 2 is able to concentrate light on photodiode 104 
through inner lens 160. 

FIG. 3 is a diagram of pixel sensor 10 in accordance With 
another embodiment of the present invention. The pixel 
sensor shoWn in FIG. 3 has the same structure as the pixel 
sensor shoWn in FIG. 2, except that a transparent optical 
liner 262 is included betWeen inner lens 160 and transparent 
optical region 170. 

Transparent optical liner 262 is formed along the upper 
surface of inner lens 160 With the same convex contour as 
inner lens 160. 

Transparent optical liner 262 is preferably formed using 
silicon nitride, silicon oxide-nitride, or an organic polymer 
compound. Transparent optical liner 262 is typically formed 
of a material having a different refractive index from inner 
lens 160 and transparent optical region 170. Preferably, 
transparent optical liner 262 is formed of a material having 
loWer refractive index than inner lens 160, and a higher 
refractive index than transparent optical region 170. For 
example, Where inner lens 160 is formed of an oxide ?lm, 
transparent optical liner 262 is formed of a CytopTM type 
polymer. 

In accordance With the embodiment of the invention 
shoWn in FIG. 3, the pixel sensor includes inner lens 160, 
transparent optical liner 262 on inner lens 160 and trans 
parent optical region 170 on transparent optical liner 262. 
Transparent optical liner 262 and transparent optical region 
170 are preferably formed of a material having a loWer 
refractive index than inner lens 160 and transparent optical 
region 170 is preferably formed With a material having 
loWer refractive index than transparent optical liner 262. 
Accordingly, a CMOS image sensor having the pixel sensor 
shoWn in FIG. 3 provides concentrated light on photodiode 
104. Transparent optical liner 262 betWeen inner lens 160 
and transparent optical region 170 improves the optical 
sensitivity of the sensor by concentrating incident light on 
photodiode 104. 

FIG. 4 is a cross-sectional vieW of the pixel sensor shoWn 
in FIG. 1 according to still another embodiment of the 
invention. The pixel sensor shoWn in FIG. 4 has the same 
structure as the pixel sensor shoWn in FIG. 2, except that 
inner lens 160 in FIG. 2 is replaced by an inner lens 360 in 
FIG. 4. Inner lens 360 shoWn in FIG. 4 is a concave lens. 

The pixel sensor shoWn in FIG. 4 provides a transparent 
optical path by forming a concave inner lens 360 among 
insulation ?lms 132, 134, and 136 as a part of intermetal 
insulation layer 130 and forming transparent optical region 
170 on inner lens 360 using a different material from 
intermetal insulation layer 130. Transparent optical region 
170 is preferably formed of a material having a higher 
refractive index than inner lens 360. 

FIG. 5 is a diagram of a pixel sensor in accordance With 
still another embodiment of the present invention. The pixel 
sensor shoWn in FIG. 5 has the same structure as the pixel 
sensor shoWn in FIG. 4, except for a transparent optical liner 
462 formed betWeen inner lens 360 and transparent optical 
region 170. 
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6 
Transparent optical liner 462 is formed With a concave 

shape on an upper surface of inner lens 360. Transparent 
optical liner 462 is preferably formed of silicon nitride, 
silicon oxide-nitride, or an organic polymer compound. In 
addition, transparent optical liner 462 is preferably formed 
of a material having a different refractive index from inner 
lens 360 and transparent optical region 170. Preferably, 
transparent optical liner 462 is formed of a material having 
a higher refractive index than inner lens 360 and a loWer 
refractive index than transparent optical region 170. For 
example, Where inner lens 360 is formed of an oxide ?lm, 
transparent optical liner 462 is formed of silicon nitride, 
silicon oxide nitride, or a PMMA type polymer. 
The pixel sensor shoWn in FIG. 5 provides ef?ciently 

concentrated light on photodiode 104 by forming transparent 
optical liner 462 betWeen inner lens 360 and transparent 
optical region 170. 

FIGS. 6A through 6D are diagrams illustrating a method 
of manufacturing a CMOS image sensor in accordance With 
an embodiment of the present invention. 

Referring to FIG. 6A, a semiconductor substrate 100 
having a photodiode region and a transistor region is formed. 
An isolation region 102 is formed on semiconductor sub 
strate 100, thereby de?ning an active region in semiconduc 
tor substrate 100. Then, an “n” type photodiode 104 is 
formed in the photodiode region on the surface of semicon 
ductor substrate 100. Next, a p+ type HAD region 106 is 
formed on the “n” type photodiode 104, and a plurality of 
transistors are formed in the transistor region. For simplicity 
of illustration, FIG. 6A shoWs only a single transistor 10. 
An insulation spacer 11211 is formed at a sideWall of a gate 

110a of transistor 110. Insulation spacer 112a is formed by 
forming an insulation layer 112 to cover the photodiode 
region and the transistor region after gate 11011 is formed in 
the transistor region. After insulation layer 112 is formed, a 
mask pattern such as a photoresist pattern (not shoWn) is 
formed on insulation layer 112 to cover the photodiode 
region. Using the mask pattern, insulation layer 112 is 
etched back to form insulation spacer 11211 at the sideWall of 
gate 110a. After insulation layer 112 is exposed by removing 
the photoresist pattern, insulation layers are stacked on 
insulation layer 112 and transistor 110 in the both the 
photodiode region and the transistor region, thereby forming 
a planariZed insulation layer 120 on insulation layer 112 and 
transistor 110. 

After forming planariZed insulation layer 120, an inter 
metal insulation layer 130 is formed to cover planariZed 
insulation layer 120 in the photodiode region and the tran 
sistor region, and a metal Wire layer 140 is formed in 
intermetal insulation layer 130. Intermetal insulation layer 
130 comprises a plurality of stacked insulation ?lms 132, 
134, and 136 and metal Wire layer 140 comprises a plurality 
of metal Wire layers 142, 144, 146, and 148 formed betWeen 
insulation ?lms 132, 134, and 136. 
A passivation layer 150 is formed on intermetal insulation 

layer 130 and metal Wire layer 148. Passivation layer 150 
has a stacked structure including an oxide layer of 1500 A 
thickness and a nitride layer of 2000 A thickness. 

Referring to FIG. 6B, a photoresist pattern 152 is formed 
on passivation layer 150, thereby exposing a portion of 
passivation layer 150 in the photodiode region. Passivation 
layer 150 and intermetal insulation layer 130 are then etched 
by plasma etching using photoresist pattern 152 as an 
etching mask, thereby forming a cavity 154 in intermetal 
insulation layer 130. 
Where a target etching region of intermetal insulation 

layer 130 is formed of only an oxide ?lm, cavity 154 may 
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be formed by plasma etching method using an etching gas 
including of C4138, O2, or Ar. For example, a “Unity85DD” 
device manufactured by Tokyo Electronics (TEL) may be 
used for the plasma etching. 
Abottom surface 15411 of cavity 154 has a predetermined 

curvature forming an inner lens 160. The pro?le of bottom 
surface 15411 in cavity 154 is controlled by adjusting a ratio 
of O2 gas to C4138 gas in the etching gas. For example, 
bottom surface 15411 of cavity 154 is made convex by 
increasing the relative amount of O2 gas in the etching gas. 
On the other hand, bottom surface 15411 of cavity 154 is 
made concave by increasing the relative amount of C4138 gas 
in the etching gas. Accordingly, in the embodiment shoWn in 
FIG. 6B, the O2 content in the etching gas used to form 
cavity 154 is relatively high. As a result, bottom surface 
15411 is convex. For example, about 18 standard cubic 
centimeters per minute (sccm) of C4138 gas and about 10 
sccm of O2 gas are used to form a planariZed bottom surface 
of cavity 154. For a convex bottom surface 154a, less than 
18 sccm of C4138 and more than 10 sccm of O2 are used. 

Where the target etching region of intermetal insulation 
layer 130 is formed of a compound ?lm including an oxide 
?lm and a nitride ?lm, the cavity 154 is formed by plasma 
etching using an etching gas comprising CF4, CHZFZ, CO 
and O2, an etching gas comprising C5138, O2 and Ar, or an 
etching gas comprising CF4, CH2F2, O2 or CO. For the 
plasma etching, a parallel ?at plate type plasma etching 
device such as “Unity85SS” from Tokyo Electronics (TEL) 
is used. The pro?le of bottom surface 15411 of cavity 154 is 
controlled by adjusting the ratio of O2 gas to carbon gas in 
the etching gas. That is, bottom surface 15411 of cavity 154 
is made convex by increasing the relative concentration of 
O2 gas in the etching gas. Bottom surface 15411 of cavity 154 
is made concave by increasing the relative concentration of 
carbon gas. 

Cavity 154 is often formed to have a tapered sideWall 
154b. Tapered sideWall 15419 is typically formed by adding 
a carbon-rich gas such as CO, CH2F2, CHF3, or CH3F to the 
etching gas. 
Where a “Unity85DD” etching device is used to form 

cavity 154, the plasma etching is carried out With an RF 
poWer of about 1700 W and a pressure of about 42 mT. 

Where a “Unity85SS” etching device is used to form 
cavity 154, the plasma etching may be carried out under 
various different conditions. For example, Where a distance 
betWeen a top electrode and a bottom electrode in the device 
is about 30 mm, the plasma etching may be carried out With 
an RF poWer of about 1500 Ws to 1700 Wb and a pressure 
of about 30 mT. Alternatively, the plasma etching may be 
carried out With an RF poWer of about 2000 Ws and 1900 
Wb and a pressure of about 30 mT, or an RF poWer of about 
1000 Ws and 300 Wb and a pressure of about 30 mT. 

Referring to FIG. 6C, photoresist pattern 152 is removed. 
Then, a transparent optical material is coated inside of cavity 
154 and on passivation layer 150 to form a transparent 
optical region 170 and a planariZed layer 172. Transparent 
optical region 170 ?lls cavity 154, and planariZed layer 172 
covers metal Wire layer 140 in the transistor region. Trans 
parent optical region 170 and planariZed layer 172 are 
formed by spin coating. Transparent optical region 170 is 
typically formed of an organic polymer compound such 
CytopTM or a PMMA polymer. For example, Where inner 
lens 160 includes an oxide ?lm formed by chemical vapor 
deposition, CytopTM is used to form transparent optical 
region 170. CytopTM has a loWer refractive index than the 
oxide ?lm used to form intermetal insulation layer 130. The 
oxide ?lm has a refractive index of about 1.45 and CytopTM 
has a refractive index of about 1.34. 
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Referring to FIG. 6D, a color ?lter 180 is formed on 

planariZed layer 172 and a micro lens 190 is formed on color 
?lter 180 above photodiode 104. 

FIGS. 7A and 7B are diagrams illustrating a method of 
manufacturing a CMOS image sensor in accordance With 
another embodiment of the present invention. 

Referring to FIG. 7A, cavity 154 is formed according to 
the method described With reference to FIGS. 6A and 6B. 
Once cavity 154 is formed, photoresist pattern 152 is 
removed and a transparent optical liner 262 is formed to a 
predetermined thickness on bottom surface 154a and side 
Wall 1541) of cavity 154. Various properties of transparent 
optical liner 262 Were explained previously With reference to 
FIG. 3. 

Referring to FIG. 7B, a transparent optical region 170 and 
a planariZed layer 172 are formed by coating a transparent 
optical material on transparent optical liner 262 according to 
the method explained With reference to FIG. 6C. Once 
planariZed layer 172 is formed, color ?lter 180 and micro 
lens 190 are formed on planariZed layer 172 according to the 
method explained With reference to FIG. 6D. 

FIGS. 8A and 8B are diagrams of illustrating a method of 
manufacturing a CMOS image sensor in accordance With yet 
another embodiment of the present invention. 
As shoWn in FIG. 8A, cavity 154 is formed using the same 

method described previously With reference to FIGS. 6A 
through 6D. When forming the cavity 154, the relative 
concentration of O2 gas in the etching gas is controlled to 
give the bottom surface 15411 a concave shape. 

Referring to FIG. 8B, photoresist pattern 152 is removed. 
After photoresist pattern 152 is removed, transparent optical 
region 170 and planariZed layer 172 are formed inside cavity 
154 and on passivation layer 150 by depositing a transparent 
optical material. Color ?lter 180 and micro lens 190 are 
formed on planariZed layer 172. 

FIGS. 9A and 9B are diagrams illustrating a method of 
manufacturing a CMOS image sensor in accordance With 
still another embodiment of the present invention. 

Referring FIG. 9A, cavity 154 is formed using methods 
previously described in relation to FIGS. 6A through 6D. 
Once cavity 154 is formed, photo-resist pattern 152 is 
removed using the method explained With reference to FIG. 
8A. Next, a transparent optical liner 462 is formed to a 
predetermined thickness on bottom surface 154a and side 
Wall 1541) of cavity 154. 

Referring to FIG. 9B, transparent optical region 170 and 
planariZed layer 172 are formed on transparent optical liner 
462 by depositing a transparent optical material according to 
the method described With reference to FIG. 6C. Then, color 
?lter 180 and micro lens 190 are formed on planariZed layer 
172 using the method explained With reference to FIG. 6D. 
As mentioned above, a CMOS image sensor according to 

embodiments of the present invention includes a pixel 
sensor having a convex or concave lens as a part of inter 
metal insulation layer betWeen the photodiode and the micro 
lens. The pixel sensor provides a transparent optical path by 
forming a transparent optical region penetrating an inter 
metal insulation layer and formed on the inner lens. The 
transparent optical region is formed of a transparent optical 
material Which is different from a material used to form the 
intermetal insulation layer. Accordingly, the CMOS image 
sensor provides effective light concentration on the photo 
diode. In addition, the CMOS image sensor provides high 
optical sensitivity by concentrating light, using a transparent 
optical liner placed betWeen the inner lens and the transpar 
ent optical region. 
The foregoing exemplary embodiments are teaching 

examples. Those of ordinary skill in the art Will understand 
that various changes in form and details may be made to the 
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exemplary embodiments Without departing from the scope 
of the present invention Which is de?ned by the following 
claims. 
What is claimed: 
1. A method of manufacturing a CMOS image sensor, the 

method comprising: 
forming a photodiode region and a transistor region in a 

substrate; 
forming a photodiode in the photodiode region; 
forming a transistor in the transistor region; 
forming a planariZed insulation layer covering the pho 

todiode and the transistor; 
forming an intermetal insulation layer covering the pla 

nariZed insulation layer; 
forming a metal Wire layer on the transistor region at least 

partially Within the intermetal insulation layer; 
forming a cavity penetrating the intermetal insulation 

layer by removing a portion of the intermetal insulation 
layer over the photodiode region, Wherein the cavity 
comprises a bottom surface having a predetermined 
curvature forming an inner lens Within the intermetal 
insulation layer; and, 

forming a transparent optical region on the inner lens by 
?lling the cavity. 

2. The method of claim 1, Wherein the inner lens is a 
convex lens. 

3. The method of claim 1, Wherein the inner lens is a 
concave lens. 

4. The method of claim 1, Wherein the intermetal insula 
tion layer comprises a ?lm formed from at least one material 
selected from a group consisting of an oxide and a nitride. 

5. The method of claim 4, Wherein the inner lens is formed 
of an oxide ?lm. 

6. The method of claim 1, Wherein the cavity is formed to 
have an inclined sideWall. 

7. The method of claim 1, Wherein the transparent optical 
region is formed of an organic polymer compound. 

8. The method of claim 7, Wherein the transparent optical 
region is formed of a material having a different refractive 
index from the inner lens. 

9. The method of claim 1, Wherein the inner lens is a 
convex lens; and, 

Wherein the transparent optical region is formed of a 
material having a loWer refractive index than the inner 
lens. 

10. The method of claim 1, Wherein the inner lens is a 
concave lens; and, 

Wherein the transparent optical region is formed of a 
material having a higher refractive index than the inner 
lens. 

11. The method of claim 1, further comprising: 
forming a planariZed layer covering the transparent opti 

cal region, the intermetal insulation layer, and the metal 
Wire layer; 

forming a color ?lter on the planariZed layer; and, 
forming a micro lens opposing to the photodiode on the 

color ?lter. 
12. The method of claim 11, Wherein the planariZed layer 

and the transparent optical region are formed of the same 
material. 

13. The method of claim 1, further comprising: 
forming a transparent optical liner on the inner lens before 

forming the transparent optical region and after form 
ing the cavity. 

14. The method of claim 13, Wherein the transparent 
optical liner is formed of a silicon nitride, a silicon oxide 
nitride, or an organic polymer compound. 

20 

25 

30 

35 

40 

45 

50 

55 

60 

65 

10 
15. The method of claim 14, Wherein the transparent 

optical liner is formed of a material having a different 
refractive index from the inner lens. 

16. The method of claim 13, Wherein the inner lens is 
formed With a convex shape by forming the cavity With a 
convex bottom surface; and, 

Wherein the transparent optical liner is formed of a 
material having a loWer refractive index than the inner 
lens. 

17. The method of claim 13, Wherein the inner lens is 
formed With a concave shape by forming the cavity With a 
concave bottom surface; and, 

Wherein the transparent optical liner is formed of a 
material having a higher refractive index than the inner 
lens. 

18. A method of manufacturing a CMOS image sensor, 
the method comprising: 

forming a photodiode region and a transistor region in a 
substrate; 

forming a photodiode in the photodiode region; 
forming a transistor in the transistor region; 
forming a planariZed insulation layer covering the pho 

todiode and the transistor; 
forming an intermetal insulation layer covering the pla 

nariZed insulation layer; 
forming a metal Wire layer on the transistor region at least 

partially Within the intermetal insulation layer; 
applying a plasma etching process using an etching gas 

including 02 gas and ?uorocarbon gas to the intermetal 
insulation layer to form a cavity in the intermetal 
insulation layer over the photodiode region, Wherein 
the cavity de?nes an inner lens from the intermetal 
insulation layer and the pro?le of the cavity is de?ned 
during the plasma etching by adjusting the ratio of 02 
gas to ?uorocarbon gas Within the etching gas; and 

forming a transparent optical region on the inner lens by 
?lling the cavity. 

19. A method of manufacturing a CMOS image sensor, 
the method comprising: 

forming a photodiode region and a transistor region in a 
substrate; 

forming a photodiode in the photodiode region; 
forming a transistor in the transistor region; 
forming a planariZed insulation layer covering the pho 

todiode and the transistor; 
forming an intermetal insulation layer covering the pla 

nariZed insulation layer; 
forming a metal Wire layer on the transistor region at least 

partially Within the intermetal insulation layer; 
forming a cavity penetrating the intermetal insulation 

layer by plasma etching a portion of the intermetal 
insulation layer over the photodiode region, Wherein 
the plasma etching being performed using an etching 
gas including 02 gas and ?uorocarbon gas, and Wherein 
the cavity is formed With a bottom surface having a 
predetermined curvature forming an inner lens, and 
Wherein the pro?le of the cavity is de?ned during the 
plasma etching by adjusting the ratio of 02 gas to 
?uorocarbon gas Within the etching gas; and 

forming a transparent optical region on the inner lens by 
?lling the cavity. 


